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(54) MANUFACTURE OF SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract: 

PURPOSE: To provide a manufacturing method of a semiconductor light 
emitting lement wherein the generation of crystal defect and dislocation 
due to the mismatching of lattice constant and the difference of thermal 
expansion coefficients are restrained to the utmost, and cleavage is 
possible. 

CONSTITUTION: This manufacturing method consists of the following; a 
proc ss wherein a gallium nitride based semiconductor layer 3 is formed on 
a semiconductor single crystal substrate 1 , a process wherein the 
semiconductor single crystal substrate is eliminated, and a process wherein 
a gallium nitride based compound semiconductor single crystal layer 
containing at least an N-type layer and a PH:ype layer is further grown by 
eliminating a semiconductor crystal substrate and using the left gallium 
nitride based compound semiconductor layer as a new substrate. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has be n translated by comput r.So the translation may not r fleet th original pr cis ly. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS^ 

[Claim(s)] 

[Claim 1] (a) The process of the semiconductor light emitting device which has the process which grows further the 
CHITSU-ized gallium system compound semiconductor single crystal layer which contains n type layer and p type layer at 
least by using as a new substrate the aforementioned CHITSU-ized gallium system compound semiconductor layer which 
r mov d and carried out the remainder of the process which forms a CHITSU-ized gallium system compound 
semiconductor layer, the process which removes the (b) aforementioned semiconductor single crystal substrate, and the (c) 
this semiconducting-crystal substrate on the semiconductor single crystal substrate. 

[Claim 2] The aforementioned semiconductor single crystal substrate is the process of the semiconductor light emitting 
d vice according to claim 1 whose crystal face it is at least one sort of semiconductors chosen from the group which 
consists of GaAs. and GaP, InP and Si, and is the single crystal substrate of a field (111). 

[Claim 3] The process of the semiconductor light emitting device according to claim 1 or 2 which forms membranes at th 
elevat d temperature of 700-1200 degrees C after forming the low-temperature buffer layer which consists the membrane 
formation process of the CHITSU-ized gallium system compound semiconductor layer of the aforementioned (a) process of 
a CHITSU-ized gallium system compound semiconductor layer at 400-700-degree C low temperature on the 
aforem ntioned semiconductor single crystal substrate. 

[Claim 4] The process of the semiconductor light emitting device according to claim 1 . 2, or 3 which forms the low- 
temperature buffer layer which consists of a CHITSU-ized gallium system compound semiconductor at 400-700-degree C 
low temp rature before growth of the CHITSU-ized gallium system compound semiconductor single crystal layer of the 
aforementioned (c) process, forms the elevated-temperature buffer layer which consists of a CHITSU-ized gallium system 
compound semiconductor at the elevated temperature of further 700-1200 degrees C, and grows the back aforementioned 
CHITSU-ized gallium system compound semiconductor single crystal layer. 

[Claim 5] the above — the CHITSU-ized gallium system compound semiconductor single crystal layer which contains n 
type layer and p type layer even if few — n type clad layer — Have the sandwich structure of a barrier layer and p type 
clad layer, and the bandgap energy of this barrier layer constitutes each class of this sandwich structure from a 
semiconductor material smaller than the bandgap energy of this n type and p type clad layer. And the process of the 
semiconductor light emitting device according to claim 4 which forms this n type clad layer, p type clad layer, the 
afor mentioned elevated-temperature buffer layer, and the aforementioned CHITSU-ized gallium system compound 
s miconductor layer substrate by the semiconductor material of the same composition. 

[Claim 6] The process of the semiconductor light emitting device according to claim 1 or 5 which chip-izes the 

s miconductor wafer with which the aforementioned CHITSU-ized gallium system compound semiconductor single crystal 

lay r was formed by the cleavage. 



[Translation done.] 
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DETAILED DESCRIPTION 

[D tailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the process of a semiconductor light emitting 
device. It is related with the process of the semiconductor light emitting device using the still more detailed suitable 
CHITSU-ized gallium system compound semiconductor for blue luminescence. 

[0002] A CHITSU-ized gallium system compound semiconductor is ID here. The compound of Ga of a group element, and N 
of V group element, or HI A part of Ga of a group element is other III(s), such as aluminum and In. The semiconductor which 
consists of a compound which a part of N of the thing replaced by the group element and/ or V group element replaced by 
other V group elements, such as P and As, is said. 

[0003] Moreover, a semiconductor light emitting device means the semiconductor device which generates light, such as 
light emitting diode (henceforth Light Emitting Diode) which has double heterojunctions, such as pn junction or pin. a sup r 
luminescent diode (SLD), or a semiconductor laser diode (LD). 
[0004] 

[Description of the Prior Art] Conventionally, by having obtained red and the p type semiconductor layer of low resistance 
which carried out the dopant of Mg, using a CHITSU-ized gallium system compound semiconductor in recent years although 
it compared green, and brightness is small and the difficulty was in utilization, brightness of blue Light Emitting Diode 
improves and it is basking in the limelight. 

[0005] Light Emitting Diode of the conventional CHITSU-ized gallium system has structure as shown in dxawing 5 . In order 
to manufacture this Light Emitting Diode, at 400-700-degree C low temperature to the sapphire (aluminum2 03 single 
crystal) substrate 21 first An organometallic compound vapor growth It is carrier gas H2 by (it is hereafter called the 
MOCVD method). Trimethylgallium which is organometallic compound gas (It is hereafter called TMG), a trimethylaluminum 
(h nceforth TMA). Trimethylindium (henceforth TMI) and ammonia (NH3) are supplied. About 0.01-0.2 micrometers of low- 
temp rature buffer layers 22 which consist of Alx Gay Inl-x-y (0<=x<1. 0< y<=1, x+y<=1) are formed. Subsequently, about 
2-4 micrometers of elevated^temperature buffer layers 23 which supply the 700-1 200-degree C same gas at an elevated 
temperature, and consist of Alx Gay Inl-x-y N of n type of the same composition are formed. 

[0006] Subsequently, the gas of the same ratio as the above-mentioned is supplied, about 0.1—0.3 micrometers of Alx Gay 
In1-x-y N layers 24 of n type of the same composition are formed, and n type clad layer for double heterojunction 
formation is formed. In order to form these n type layers, even if rt does not dope n type impurity, in the case of a 
CHITSU-ized gallium system compound semiconductor, the property to become n type is used. 

[0007] The barrier layer 25 which next consists of material Alp Gaq In1-p-q N (0 <=p<1. 0< q<=1, p+q<=1. p<x. 1-p-q> 1-x- 
y) to which the amount of aluminum is reduced from composition of a clad layer, the amount of In is made [ many ]. and 
bandgap energy becomes small from that of a clad layer is formed. 

. [0008] Subsequently, the bis(cyclopentadienyl) magnesium for Mg or Zn as a p type impurity (henceforth Cp2 Mg) or the 
organometallic compound gas of dimethyl zinc (henceforth DMZn) is further added to the same material gas as formation of 
n typ clad layer, it introduces into a coil, and p type clad layer 26 which consists of p type Alx Gay In1-x-y N is formed. 
[0009] In order to consider as the cap layer 27 furthermore, the same gas as the above-mentioned is supplied, and the 
vapor growth of the p type AlxGay In1-x-y N layer is carried out. 

[0010] after it and Si02 etc. — a protective coat is prepared all over the growth phase front face of a semiconductor. 400- 
800 degrees C and 20 - 60-minute room [ about ] annealing are performed, and activation of p type clad layer 26 which 
consists of p type Alx Gay ln1-x-yN is attained Subsequently, dry etching according to chlorine plasma etc. in a part of 
each s miconductor layer which grew as patterning of the resist was applied and carried out and it was shown in drawing 5 , 
in order to form an n type electrode, after removing a protective coat is performed, and it is n type Alx. The Gay In1-x-y N 
layer 23 is exposed. Subsequently, metal membranes, such as Au and aluminum, are formed by sputtering etc., and the Light 
Emitting Diode chip is formed by forming and carrying out the dicing of the two electrodes 28 and 29. 
[0011] 

[Problem(s) to be Solved by the Invention] Since a rearH^ce side is an insulator in silicon on sapphire, in order that the 
semiconductor light emitting device using the conventional CHITSU-ized gallium system compound semiconductor may take 
the electrode by the side of a rear face, complicated processes, such as etching, are needed. 

[0012] Mor ov r, although it is advantageously us d since silicon on sapphire can bear an elevat d temperature and can be 
doubled with th comparatively various crystal fac s Fairly the lattice constant of silicon on sapphire and a CHITSU-iz d 
gallium system semiconducting crystal by 4.758A and 3.1 89A, respectively Since it differs and coefficients of thermal 
expansion also differ further, As shown in A of drawing 6 , while transposition and a crystal d feet occur in the buffer layer 
which touches silicon on sapphire, it progresses also to the CHITSU-ized gallium system compound semiconductor single 
crystal layer the crystal defect of whose is a lay r of operation and an active region b comes narrow, there is a probl m 
that the optical quality of a semiconductor lay r also deteriorates. 

[0013] Furth rmore, the cleavage of the silicon on sapphire cannot be carried out, but with the above-mentioned structure, 
since a semiconductor light— em itting-de vice chip cannot be manufactured by the cl avage, there is a problem of being 
unsuitable in the device for which an end face needs two accurate parallel mirror plan s like semiconductor laser. 
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[0014] this invention solves such a problem and it aims at offering the process of the semiconductor light emitting device 
which suppress d g nerating of a crystal def ct or transposition bas d on the mismatching of a lattice constant, or a 
differenc of a co fficient of thermal xpansion as much as possibl . ... 

[001 5] The purpose of further others of this inv ntion aims at off ring the process of the s miconductor light mitting 
device which can us a CHITSU-ized gallium system compound s miconductor also for th semiconductor light emitting 
device which n ds two mirror planes parallel to an end face like semiconductor las r. and can d al in the mirror plane of 
an nd fac by th cleavage. 
[0016] 

[Means for Solving th Probl m] Th proc ss to which the process of the semiconductor light mitting device of this 
inv ntion forms a CHITSU-ized gallium system compound semiconductor lay r on (a) s miconductor single crystal 
substrat . (b) The aforementioned CHITSU-ized gallium system compound semiconductor layer which removed and carried 
out the r mainder of the process which removes the aforementioned semiconductor single crystal substrate, and the (c) 
this semiconducting-crystal substrate is used as a new substrate. It has the process which grows further the CHITSU-ized 
gallium system compound semiconductor single crystal layer which contains n type layer and p type layer at least. 
[0017] As for the aforementioned semiconductor single crystal substrate, it is desirable that it is at least one sort of 
semiconductors chosen from the group which consists of GaAs, and GaP, InP and Si, and the crystal face is the single 
crystal substrate of a field (111) from the point of the optical and the electrical property of the CHITSU-ized gallium 
syst m compound semiconductor layer formed on it. 

[0018] Since forming membranes at the elevated temperature of 700-1200 degrees C becomes the buffer layer to which 
th afor mentioned low-temperature buffer layer softens mismatching with a substrate and it can prevent generating of a 
crystal d feet or transposition after forming the low— temperature buffer layer which consists the membrane formation 
proc ss of the CHITSU-ized gallium system compound semiconductor layer of the aforementioned (a) process of a 
CHITSU-ized gallium system compound semiconductor layer at 400-700-degree C low temperature on the aforementioned 
semiconductor substrate, it is desirable. 

[0019] The low-temperature buffer layer which consists of a CHITSU-ized gallium system compound semiconductor at 
400-700— degree C low temperature before growth of the CHITSU-ized gallium system compound semiconductor single 
crystal layer of the aforementioned (c) process is formed. The elevated-temperature buffer layer which consists of a 
CHITSU-ized gallium system compound semiconductor at the elevated temperature of further 700-1200 degrees C is 
form d. Since the influence of a crystal defect or dislocation whose thing to grow up produced the back aforemention d 
CHITSU-ized gallium system compound semiconductor single crystal layer in the CHITSU-ized gallium system compound 
s miconductor layer substrate can be suppressed to the minimum, it is desirable. 

[0020] the above — the CHITSU-ized gallium system compound semiconductor single crystal layer which contains n type 
layer and p type layer even if few — n type clad layer — Have the sandwich structure of a barrier layer and p type clad 
layer, and the bandgap energy of this barrier layer constitutes each class of this sandwich structure from a semiconductor 
mat rial smaller than the bandgap energy of this n type and p type clad layer. And since the light emitting device of 
luminous fficiency with high forming this n type clad layer, p type clad layer, the aforementioned elevated—temperature 
buff r lay r. and the aforementioned CHITSU-ized gallium system compound semiconductor layer substrate by the 
semiconductor material of the same composition is obtained, it is desirable. 

[0021] Since chip— izing the semiconductor wafer with which the aforementioned CHITSU-ized gallium system compound 
s miconductor single crystal layer was formed by the cleavage can mirror-plane-ize an end face, it is desirable. 
[0022] 

[Embodiments of the Invention] Below, the process of the semiconductor light emitting device of this invention is explained, 
r ferring to a drawing. It is cross-section explanatory drawing of the example of the semiconductor light emitting device by 
which drawing 1 was manufactured in process cross-section explanatory drawing of 1 operation form of the process of the 
s miconductor light emitting device of this invention, and drawing 2 -4 were manufactured by the process of this invention. 
[0023] First, as shown in drawing 1 (a), the low-temperature buffer layer 2 and the elevated-temperature buffer layer 3 
which become the front face of the semiconductor single crystal substrate 1 from a CHITSU-ized gallium system compound 
semiconductor layer by the MOCVD method are grown up. 

[0024] As a semiconductor single crystal substrate 1, the crystal face can use the GaAs single crystal substrate which is a 
field, respectively (111), a GaP single crystal substrate, an InP single crystal substrate, or Si single crystal substrate, for 
example. The crystal face uses the semiconductor single crystal substrate of a field (111) because [ of the crystal quality of 
a CHITSU-ized gallium system compound semiconductor layer ]. Moreover, the above-mentioned semiconductor single 
crystal substrates, such as GaAs, are used because distortion by which a CHITSU-ized gallium system compound 
semiconductor, a lattice constant, etc. are comparatively applied to near and a CHITSU— ized gallium system compound 
s miconductor layer as compared with other materials can be made small. 

[0025] Moreover, in order to grow up a semiconductor layer by the MOCVD method For arranging a substrate in a reactor 
and growing up the material gas for a vapor growth, for example, an Alx.Gay In1-x-y N layer, it is H2 of carrier gas. TMA 
which is organic-metal gas as material gas of aluminum, It is NH3 as material gas of TMI and N which are organic-metal gas 
as mat rial gas of TMG and In which are organic-metal gas as material gas of Ga. It introduces by each flow rate and is 
made to react in a furnace so that it may become a desired ratio. When growing up the semiconductor layer of different 
composition, th s miconductor lay r of desir d composition can be grown up by changing the introductory ratio, or 
introducing mat rial gas required for the I m nt of the composition, and making it react. 

[0026] Although the growth temperature at th time of growing up a CHITSU-ized gallium system compound semiconductor 
is made to react at the elevated temp rature of 700-1200 degrees C to grow up a singl crystal and it is made to grow up 
About 0.01-0.2 micrometers of low-temperature buff r layers 2 grown up as a polycrystal film at 400-700-degree C low 
temperatur since the crystal ori ntation of a single crystal is not completely in agreement when making it grow up directly 
on the substrat of the dissimilar material from which a lattice constant etc. diff rs ar made to intervene. It is desirable to 
grow up the about 50-200-micrometer levat d-t mperature buffer layer 3 at the levated temperature of 700-1 200 
degr es C on it. In case this elevated-temperature buff r layer 3 is grown up, the low-temp rature buffer layer 2 which 
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grew as a polycrystal film at low temperature is also single-crystal-ized, and is adjustment-ized with the elevated- 
temp rature buffer layer 3. 

[0027] As shown in drawing 1 (b) below, m chanical polish or chemical polish is carried out from the rear-face side of the 
semiconductor single crystal substrat 1, and the s miconducting-crystal substrat 1 and the low-t mp rature buffer layer 
2 are remov d. The polish equipment which uses for example, diamond powder performs this mechanical polish, and the 
mixed liquor of a sulfuric acid and a hydrogen p roxide p rforms chemical polish. 

[0028] As shown in drawing 1 (c) below, it arrang s in a r actor by using the elevated-t mperature buffer layer (CHITSU- 
iz d gallium system compound semiconductor layer) 3 which consists of a left-b hind CHITSU-ized gallium syst m 
compound s miconductor layer as a new substrate, and about 0.01-0.2 micrometers and about 1-40 micromet rs of 
elevat d-temperature buffer layers 5 are formed for the low-temp rature buffer layer 4 which consists of a CHITSU-ized 
gallium system compound semiconductor by the same method as the above-mentioned. Since the substrate which grows a 
CHITSU-ized gallium system compound semiconductor is a CHITSU-ized gallium system single crystal layer of the same 
kind. Although the CHITSU-ized gallium system compound semiconductor single crystal directly made into a following clad 
lay r and a following barrier layer without forming the low-temperature buffer layer 4 and the elevated— temperature buffer 
layer 5 may be grown up The CHITSU-ized gallium system compound semiconductor layer substrate 3 newly used as a 
substrate here is what was formed on the semiconducting-crystal substrate 1 of a different kind. The crystal defect and 
dislocation based on grid mismatching may have occurred, and a crystal defect and dislocation may progress also to the 
CHITSU-ized gallium system compound semiconductor single crystal layer formed on it in that case. Therefore, it is 
desirabl to form the low-temperature buffer layer 4 and the elevated-temperature buffer layer 5 again. The growth method 
of this low-temperature buffer layer 4 and the elevated-temperature buffer layer 5, the use, etc. are the same as that of 
the low-t mperature buffer layer 2 of drawing 1 (a), and the elevated-temperature buffer layer (CHITSU-ized gallium 
system compound semiconductor layer substrate) 3. 

[0029] As shown in drawing 1 (d) below, n type clad layer 6, a non dope, n type or the p type barrier layer 7. p type clad 
layer 8, and the cap layer 9 are formed one by one. The clad layers 6 and 8 are usually formed in the thickness of about 
0.1-2 micrometers, and a barrier layer 7 is formed in the thickness of about 0.05-0.1 micrometers. Although a barrier layer 
7 is formed in the grade which neither a crystal defect nor dislocation cannot generate very thinly, it is desirable that a 
limitation is to make a clad layer thin, distortion will tend to enter if these consist of dissimilar materials, since it is thick, 
and a thick layer is formed with the material of the same composition with the elevated-temperature buffer layer 5. 
[0030] in order to make it n type layer in semiconductor layers, such as the above-mentioned clad layer, — Si, germanium, 
and Sn — SiH4, GeH4, and SnH4 etc. — it is obtained by mixing in reactant gas as gas Moreover, in order to form p type 
layer, it can consider as p type layer by mixing Mg and Zn in material gas as Cp2 Mg or organic-metal gas of DMZn. this p 
typ layer — the cap layer 9 top — Si02 etc. — from — preparing the becoming protective coat and carrying out 
ann aling processing at 400-800 degrees C, or by irradiating an electron ray. H (H of NH3 gas which is H2 and reactant gas 
as carri r gas combines) combined with Mg is separated, it can be made easy to move and Mg can be formed into low 
resistance 

[0031] In this example, it considers as the double heterojunction structure which sandwiches the both sides of a barrier 
layer 7 by both the clad layers 6 and 8 of p type layer and n type layer, and the clad layers 6 and 8 consist of material 
which has bigger bandgap energy than the bandgap energy of a barrier layer 7. In order to enlarge bandgap energy with the 
material of the above-mentioned Alx Gay In1-x-y N, it is obtained by enlarging x and making 1-x-y small, since the carrier 
pour d into the barrier layer by considering as a sandwich structure in the clad layers 6 and 8 which have such bandgap 

nergy is shut up in the energy barrier made between the barrier layer which is a luminous layer, and a clad layer, from the 
homozygous structure which made pn junction from the same simple material, establishment of radiative recombination is 
mark dly alike, and improves, and luminous efficiency also becomes high However, the process of this invention is similarly 
appli d only by changing composition of the semiconductor layer it is not limited to such double heterojunction structure, 
and th pn junction of homozygous or a heterojunction also grows up to be. Moreover, the semiconductor light emitting 
d vie made into refractive— index waveguide structure can be similarly manufactured by forming a stripe slot by 
s miconductor laser. In addition, the cap layer 9 is a thing for the fall of contact resistance with the electrode metal 10, and 
is form d in the thickness of about 0.2 micrometers or less. 

[0032] Electron beam irradiation is carried out by about 3-20kV acceleration voltage from a direct front face without 
preparing protective coats, such as Si02. Si 3N4, and aluminum 203. in the front face of a semiconductor layer, performing 
annealing processing of a 20 - 60-minute about room at 400-800 degrees C or preparing a protective coat as mentioned 
above n xt. Consequently, junction to Mg and H which are the dopant of p type layer is cut, activation is attained, and low 
resistance-ization of p type layer is attained. 

[0033] Subsequently, in order that electrode materials, such as Au and aluminum, may be formed by vacuum evaporationo, 
the spatter, etc., the lower (n side) electrode 1 1 may be formed in the whole surface at a rear-face side and a front-face 
side may secure a luminescence field in the case of Light Emitting Diode, Or in order to regulate a current pouring field in 
the cas of semiconductor laser, patterning is carried out, the up (p side) electrode 10 is formed so that it may remain only 
in a cor . and as shown to drawing 1 (e) in a perspective diagram, a semiconductor light-emitting-device chip is formed by 
carrying out a cleavage to after each chip. 

[0034] After Light Emitting Diode lays and carries out wirebonding of the chip to a stem again by carrying out a mould by 
the epoxy resin after laying and carrying out wir bonding of this semiconductor light- mitting-device chip to a I adframe, a 
laser diode is completed by carrying out a seal with a cap. 

[0035] Since according to this invention a semiconductor single crystal substrate is removed and the CHITSU-ized gallium 
system compound semiconductor single crystal layer of a layer of operation is grown up on it by using a CHITSU-ized 
gallium system compound semiconductor layer as a n w substrate after growing up a CHITSU-ized gallium system 
compound semiconductor layer on a semiconductor single crystal substrate, a lattice constant and a coeffici nt of thermal 
expansion become very near, and it is hard to generate a lattice defect and dislocation. 

[0036] A crystal defect occurs in the CHITSU-ized gallium system compound semiconductor layer which originates in the 
grid mismatching between the CHITSU-iz d gallium system compound semiconductor lay rs and semiconductor single 
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crystal substrat s which ar used as the new substrat grown up on the semiconductor sing! crystal substrate on the 
other hand, and is us d as a n w substrat . It spr ads to th CHITSU-iz d gallium system compound semiconductor single 
crystal layer which the crystal defect uses as a layer of operation, and although we are anxious about dislocation and a 
crystal defect occurring, about the dislocation and def ct, it can pr vent effectively by pr paring a low-temperature buffer 
lay r and an levat d-t mperature buffer layer b tween them. 

[0037] Furthermore, a mirror plan becomes a beautiful cleavage plane is obtained and is easy to b obtained by making the 
same composition of th semiconductor singl crystal layer of the lay r thickly formed in 1 microm ters or more of a buffer 
layer and a clad layer. 

[0038] Below, a still more concrete light emitting device xplains th process of this inv ntion in detail. 

[0039] 

[Exampl ] 

Example 1 drawi ng 2 is cross-section explanatory drawing of CHITSU-ized gallium system double heterojunction Light 
Emitting Diode manufactured by the process of this invention. A double heterojunction is formed by changing the ratio of 
aluminum, Ga. and In. using Alx Gay In1-x-y N (0<=x<1, 0< y<=1. 0<x+y<=1) as a CHITSU-ized gallium system compound 
semiconductor. 

[0040] first On the front face of the CHITSU-ized gallium system compound semiconductor layer substrate 3 used as the 
new substrate which consists of a semiconductor layer of n type Alx Gay In1-x-y N formed in the thickness of 50-200 
micromet rs as shown in above-mentioned drawing 1 (b), at 400-700-degree C low temperature n type AlvGaw In1-v-w N 
(v<=x 0<=v<1, 0< w<=1, and 0<v+w<=1 — ) About 0.01-0.2 micrometers grows the low-temperature buffer layer 4 which 
consists of 1-x-y<=1-v-w by the MOCVD method. Subsequently, the elevated-temperature buffer layer 5 which consists of 
n type Alx Gayln1-x-y N of the same composition as the CHITSU-ized gallium system compound semiconductor layer 
substrat 3 at the elevated temperature of 700-1200 degrees C was formed in the thickness of about 1-40 micrometers, n 
typ clad layer 6 which consists of n type Alx Gay In1-x-y N at further 700-1200 degrees C is formed in the thickness of 
about 0.1-2 micrometers. Alp Gaq In1-p-q N (p<x 0<=p<1, 0< q<=1. and 0<p+q<=1 — ) of a non dope The barrier layer 7 
which consists of 1-p-q>1-x-y was grown up into the thickness of about 0.05-0.1 micrometers, and 1-2 micrometers of p 
type clad layers 8 which consist of p type Alx Gay In1-x-yN further were grown up. The cap layer 9 which consists of Air 
Gas In1-r-s N (0<=r<1, 0< s<=1, 0<r+s<=1, r<=x, 1-x-y<=1-r-s) on it is formed in about 0.2-micrometer thickness. 
[0041] With the aforementioned structure, both the clad layers 6 and 8 are the same composition, and these layers are 
formed with composition with large bandgap energy from composition of a barrier layer 7. That is. by making [ many ] the 
amount of aluminum and lessening the amount of In. a large material of bandgap energy is obtained, it has the structure 
where the barrier layer 7 which bandgap energy becomes from a small material by the clad layers 6 and 8 which consist of a 
large material of bandgap energy is sandwiched, the carrier poured into the barrier layer is shut up in an energy barrier, and 
luminous efficiency is made high. 

[0042] Low resistance-ization of p type layer was attained by electron beam irradiation as mentioned above the back, and 
blue Light Emitting Diode of the double heterojunction of the brightness about 0.5 cd (cd) was obtained by forming and 
carrying out the cleavage of the electrode. 

[0043] Since it is considering as the double heterojunction which makes a sandwich structure the barrier layer which 
consists of a small material of bandgap energy according to this example, while being able to raise luminous efficiency, thick 
semiconductor layers, such as a clad layer and a buffer layer, constitute from material of the same composition, since the 
s miconductor layer of different composition is formed in the thinness which is the grade which a crystal defect does not 
produce, the semiconductor layer which was excellent in membraneous quality without a defect is obtained, and it becomes 
still easi r [ a cleavage ]. 

[0044] Example 2 this example is an example of a semiconductor laser type light emitting device, and formation of each 
class and formation of an electrode form completely like an example 1. ♦•»»;»»»* * ** the upper part of the cap layer 9 of the 
both sides of the up electrode 1 1 , and p type clad layer 8 after electrode formation, and it makes them a mesa type 
configuration. Since with such structure current was able to be centralized only on the core of a barrier layer and the end 
face was moreover a mirror plane by the cleavage, it could be made to be able to reflect by the end face, and could be 
made to oscillate, and the blue semiconductor laser type light emitting device whose output is about 0.2mW was obtained. 
[0045] The low-temperature buffer layer 4 which example 3 this example is an example of Light Emitting Diode of pn 
junction, and becomes the CHITSU-ized gallium system compound semiconductor layer substrate 3 from n type GaN About 
0.01-0.2 micrometers. The elevated-temperature buffer layer 5 which consists of n type GaN is grown up on the conditions 
as an xample 1 that only the thickness of about 1-40 micrometers is the same, n type layer 12 which consists of n mold 
Alt Ga1-t N (0<=t<1) the back About 1-2 micrometers, p type layer 13 which consists of p mold Inu Ga1-u N (0<=u<1) 
About 0.1-0.3 micrometers, Form membranes, respectively and the cap layer 14 which subsequently consists of p mold Alz 
Gal-z N (0<=z<1) is formed. After making electron beam irradiation p type layer 13 by about 3-20kV acceleration voltage 
and performing annealing, the lower (n side) electrode 11 and the up (p side) electrode 10 were formed, and pn junction 
Light Emitting Diode of a heterojunction was manufactured. By considering as this heterojunction structure, luminous 
efficiency increased and blue Light Emitting Diode of the brightness which is a 0.2-cd (cd) grade was obtained. 
[0046] 

[Effect of the Invention] Since a substrate is not an insulating substrate, according to this invention, it is not necessary to 
** **** **** from an upper surface side lik before, to xpose a lower conductivity-type layer that what is necessary is just 
to form the I ctrode by th side of the lower part in the rear face of a substrate, and to form an I ctrode. Therefore, 
while a dry etching process becomes unnecessary and a structure process becomes easy, property degradation which 
originates in resistanc by the contamination which is asy to generate at the time of etching is not produced, either. 
[0047] Furthermor , since the substrate also consists of the same CHITSU-iz d gallium system compound semiconductor 
lay r as a layer with a thick clad layer etc., a crystal of the same kind can gather, a cleavage can be carried out easily, and 
it can d al in a mirror plane asily. Consequently, it can deal also in blue semiconductor laser easily. 

[0048] Moreover, sine th substrate also consists of a CHITSU-ized gallium system compound semiconductor layer, it is a 
layer of operation and a semiconductor layer of the same kind, and a lattice constant etc. can be in agreement, grid 
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adjustment can be taken, and generating of a crystal defect or transposition can be prevented. Consequently, a 
semiconductor layer b comes quality and the luminous efficiency and th life of an element improve. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has be n translated by computer. So the translation may not r fleet the original precis ly. 

2. **** shows th word which can not be translated. 
3.1n th drawings, any words ar not translated. 



DESCRIPTION OF DRAWINGS 

[Bri f Description of the Drawings] 

[Drawing 1] It is drawing showing the manufacturing process of 1 operation gestalt of the process of the semiconductor 
light mitting device of this invention. 

[Drawing 2] It is cross-section explanatory drawing of Light Emitting Diode manufactured according to one example of the 
process of this invention. 

[Drawing 3] It is cross-section explanatory drawing of the semiconductor laser manufactured according to other exam pi s 
of th process of this invention. 

[Drawing 4] It is cross-section explanatory drawing of Light Emitting Diode manufactured according to the example of 
furth r others of the process of this invention. 

[Drawing 5] It is cross-section explanatory drawing of the conventional GaN system Light Emitting Diode. 

[Drawing 6] It is drawing explaining the situation of the transposition generated in the buffer layer formed on conventional 

silicon on sapphire. 

[Description of Notations] 

1 S miconductor Single Crystal Substrate 

3 CHITSU-ized Gallium System Compound Semiconductor Layer Substrate 

4 Low-t mperature Buffer Layer 

5 El vat d-Te mperature Buffer Layer 

6 N Typ Clad Layer 

7 Barri r Layer 

8 P Typ Clad Layer 



[Translation done.] 



http:/ / www4.ipdljpo.gojp/ cgi-bin/tran_web_cgi_ejje 



03/03/03 



1/2 ^— v 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translat d by computer. So the translation may not r fleet the original precisely. 

2. **** shows the word which can not be translat d. 
3.1n the drawings, any words are not translat d. 



DRAWINGS 



[Drawing 2] 
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[Drawing 6] 
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